We have used di8'erential scanning calorimetry and x-ray diRraction to study the crystalline phases of the 6, 5-annulene isomer of C6&H2. At 308 K the methylenated fullerenes are orientationally disordered in a face-centered cubic lattice with lattice parameter 14.19 6 0.02 A. Below T, = 290 K the symmetry is lowered to Pa3, a simple cubic structure. At 20 K the lattice parameter is 14.06+0.02 A, with substantial statistical disorder remaining. The transition temperature in CsqH2 is slightly higher than in C6OO and higher still than in C6o, but the three compounds exhibit orientationally ordering transitions between qualitatively similar phases.
I. INTRODUCTION
C6p and its derivatives continue to attract considerable attention, due to both the elegant molecular structures involved and the intriguing structural, dynamic, and electronic properties of the solid phases of fullerenes. Pristine C6p, which has the form of a spherical shell, undergoes a transition &om a high-temperature orientationally disordered face-centered cubic (fcc) phase (i.e. , a plastic crystal) to a low-temperature orientationally ordered simple cubic (sc) phase.
2 This transition, and the structures of the high-and low-temperature phases, have been the objects of numerous experimental and theoretical studies.
Due to the nearly spherical shape of the C6p molecule, one might expect that the angular component of the intermolecular van der Waals interactions would be relatively small, and that the molecules would be disordered down to quite low temperatures. In fact, Coulomb interactions arising from excess charge in the vicinity of the double bonds also play an important role, both in stabilizing the observed Pa3 simple cubic structure and in raising the transition temperature.
Presumably, further deviations &om spherical symmetry should increase the transition temperature.
To establish these systematics, it is instructive to consider the thermal behavior of solids composed of molecules that are closely related to, or derived from, C6p. Compounds that are derived &om C6p by adding large side groups are orientationally ordered at room temperature and are quite likely to remain so up to the decomposition temperature of the solid; if the structure is perturbed far &om spherical symmetry then rotational motion is no longer possible. By contrast, the addition of a single oxygen atom to form the fullerene epoxide C6pO is a relatively small perturbation to the molecular architecture, and as such the solid state structure of C6p 0 may be expected to be quite similar to that of C6p, even (FTIR) . While some infrared band structure was observed in the C-H stretch region of the spectrum, we observed none of the absorption peaks characteristic of intercalated toluene, as seen previously, for example, in C7p. We conclude, therefore, that our sample did not contain substantial amounts of toluene.
The sample was additionally characterized via differential scanning calorimetry measurements using a TA Instruments 2100 thermal analyzer. An 8 mg sample was heated in an ab~minum crimped pan and cooled using liquid nitrogen. The results &om these measurements will be presented in Sec. V. Fig. 3 ). The transition temperature is considerably higher than either the 260 K transition temperature in C6p or the 278 K transition temperature in C6pO. This is consistent with the hypothesis that the epoxide or methylene group has the effect of reducing the entropy of the high-temperature phase, thus driving the transition temperature up. The carbon atom in the methylene group is not at a significantly larger radius than the oxygen atoin (4.9 6 0.2 A. for carbon vs 4.71 6 0.01 A. . for oxygen). However, the two hydrogen atoms which were neglected in structure factor calculations play an important steric role. Our analysis of the high-temperature phase indicates that the probability of finding the methylene group in the tetrahedral sites is The onset temperature is 290 + 5 K. The data were taken on heating at a rate of 5'C/min.
III. X-RAY
low. Thus, the high-temperature phase of the 6,5 isomer of CsiHz should have lower entropy than that of CspO, and we would expect the transition temperature to be higher.
The existence of a phase transition between 308 K and 268 K is confirmed by XRPD data showing fcc and sc structures, respectively, at those temperatures.
Below 290 K the XRPD profile displays peaks with mixed odd and even Bragg indices (see Fig. 2 ), indicating a simple cubic structure. We extracted 58 intensities, 43 of which were above the baseline uncertainty. On the basis of the systematically absent refiections (i. e. , k = 2n for Okl), the space group Pa3 was assigned, like those of orientationally ordered Cqo and Cg00. To calculate the molecular structure factor, we used a standard model for the Czo carbon cage and appended a methylene group. The methylene group was replaced by a carbon for analysis and centered over the carbon-carbon 6:5 bond at a variable radius &om the center of the carbon shell.
Pa3 symmetry can be achieved by starting with each of the four molecules in the fcc unit cell with its twofold axes along the three (100) directions. There are two choices for such a "standard orientation;" we use that of Harris and Sachidanandam. 2 ' The molecules centered at (0,0,0), ( -, z, 0), (z, 0, z), and (0, z, z) are then rotated through an angle Pi g 0 about the (l,l, l),
(1, 1, 1), (1, 1, 1), and (1, 1, 1) directions, respectively, Pi being one of the 6tting parameters.
In Ct;0, it is observed that there is considerable orientational disorder even in the nominally ordered Pa3 phase. This disorder has been modeled ' as arising &om a thermal population of molecules with a second orientation generated by a rotation through Pz. Applying a similar inodel to CsiHz, we find that the fit is improved by incorporation of a second rotation angle. The two angles were found to be gi --24. 6' + 0. 
